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Description 



The present invention relates to a process for pro- 
ducing chlorine. More particularly, it relates to a process 
for producing chlorine, comprising oxidation of hydro- 
gen chloride, which makes it possible to produce chlo- 
rine at a lower reaction temperature using a smaller 
amount of catalyst having high activity. 

It is known that chlorine is useful as a raw material 
of vinyl chloride, phosgene, etc., and can be produced 
by oxidation of hydrogen chloride. In Japanese Patent 
Kokai (Laid-Open) No. 62-270405. for example, a proc- 
ess for producing chlorine, comprising oxidation of 
hydrogen chloride using a chromium oxide catalyst is 
described. However, the process which has hitherto 
been known has a problem that an activity of the cata- 
lyst is insufficient, and there has been desired to 
develop a catalyst having high activity, which can be 
used for the oxidation reaction of hydrogen chloride. 

When using a supported ruthenium catalyst for a 
general oxidation reaction with oxygen, ruthenium in the 
high oxidation state was sometimes volatilized at ele- 
vated temperature. Therefore, it has hitherto been con- 
sidered that it is difficult to use the supported ruthenium 
catalyst for the said reaction. The present inventors 
have found first that the ruthenium catalyst shows high 
activity when using it for the reaction for producing chlo- 
rine by oxidation of hydrogen chloride, and have studied 
more intensively. Thus the present invention has been 
completed. 

That is, a main object of the present invention is to 
provide a process for producing chlorine, comprising 
oxidation of hydrogen chloride, which makes it possible 
to produce chlorine at a lower reaction temperature 
using smaller amount of a catalyst having high activity. 

This object as well as other objects and advantages 
of the present invention will becomes apparent to those 
skilled in the art from the following description. 

That is. the present invention provides a process for 
producing chlorine by oxidation of hydrogen chloride 
with oxygen which process comprises using a ruthe- 
nium catalyst. 

The ruthenium catalyst used for the present inven- 
tion means a catalyst containing at least ruthenium or a 
ruthenium compound, and examples thereof include 
commercially available supported ruthenium catalyst, 
ruthenium oxide catalyst, catalyst obtained by support- 
ing a ruthenium compound on a carrier, ruthenium 
mixed oxide catalyst, ruthenium black, etc. 

Examples of the supported catalyst include sup- 
ported metal ruthenium catalyst etc. which are prepared 
by supporting on a carrier such as alumina, silica, silica 
alumina, zeolite, diatomaceous earth, oxide and mixed 
oxide of elements (e.g. titanium oxide, zirconium oxide, 
vanadium oxide, etc.). metal sulfate, etc. according to a 
known process (see Shokubai Kouza, Shokubai Jikken 
Handbook, 1986, page 20, published by Kodan-sha). 
Commercially available catalysts can also be used. The 
carrier used for the supported catalyst is not specifically 



fimited. and there can be preferably used titanium oxide, 
alumina, zirconium oxide, zeolite, silica, titanium com- 
posite oxide, zirconium composite oxide and aluminum 
composite oxide, more preferably titanium oxide, zirco- 
5 nium oxide and alumina. 

The content of ruthenium is preferably from 0.1 to 
20% by weight based on the carrier, more preferably 
from 1 to 5% by weight based on the carrier. A third 
component other than ruthenium can also be added, 
10 and examples of the third component include palladium 
compound, copper compound, chromium compound, 
vanadium compound, alkali metal compound, rare earth 
compound, manganese compound, alkaline earth com- 
pound, etc. The amount of the third component added is 
15 usually from 0. 1 to 10 % by weight based on the carrier. 
A supported ruthenium catalyst can be used after 
reduction of the catalyst or after oxidation of it. 

Examples of the ruthenium oxide catalyst include 
ruthenium oxides such as ruthenium dioxide, ruthenium 
20 hydroxide etc., a ruthenium dioxide catalyst and ruthe- 
nium hydroxide catalyst etc. prepared according to a 
known method (see Gensobetsu Shokubai Binran, 
1978, page 544, published by Chijinkan). Commercially 
available ruthenium dioxide can also be used. The 
25 ruthenium oxide compound such as halogenated ruthe- 
nium oxide, in which ruthenium and other elements are 
combined, may also be used. 

As the preparation method of ruthenium dioxide, for 
example, there is a method comprising adding an alkali 
so to an aqueous solution of RuCI 3 , precipitating ruthe- 
nium hydroxide, washing the precipitate, followed by 
calcining in air. 

A catalyst obtained by supporting a ruthenium 
oxide compound on a carrier is preferably used. Exam- 
35 pies of the carrier include oxide and mixed oxide of ele- 
ments (e.g. titanium oxide, alumina, zirconium oxide, 
silica, titanium mixed oxide, zirconium mixed oxide, alu- 
minum mixed oxide, silicon mixed oxide etc.) The weight 
ratio of the ruthenium oxide compound to the carrier is 
40 usually 0.1/99.9 to 70/30. Examples of the supported 
ruthenium oxide compounds include ruthenium oxide, 
ruthenium hydroxide, halogenated ruthenium oxide. As 
the supporting method of ruthenium oxide, for example, 
there is a method comprising impregnating the earner 
45 with an aqueous solution of RuCI 3 . adding an alkali, pre- 
cipitating ruthenium hydroxide on the carrier, washing it 
with water, followed by calcining in air. As another exam- 
ple, there is a method comprising impregnating the car- 
rier with an aqueous solution of RuCI 3 , drying, followed 
so by oxidative decomposition under calcination in air. The 
supported catalyst is usually calcined at 100°C to 500°C 
for about 30 minutes to 5 hours. 

Examples of the catalyst prepared by supporting 
the ruthenium compound on the carrier include cata- 
55 lysts prepared by supporting compounds such as ruthe- 
nium chloride (e.g. RuCI 3 , RuCI 3 hydrate, etc.), salt of 
chlororuthenate (e.g. K 3 RuCI 6 . [RuCI 6 ] 3 -. K 2 RuCI 6 . 
etc.). salt of chlororuthenate hydrate (eg 
[RuCI 5 (H 2 0)f, (RuCl 2 (H 2 0) 4 r. etc.), ruthenium oxide 
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(ag. Ru0 2 , Ru0 4 , etc.). salt of ruthenic acid (e.g. 
K 2 Ru0 4 , etc.). ruthenium oxychloride (e.g. Ru 2 OCI 4 , 
Ru 2 OCI 5 , Ru 2 OC! 6 . etc.), salt of ruthenium oxychloride 
(e.g. K 2 Ru 2 OCI 10 , Cs 2 Ru0 2 CI 4 , etc.), ruthenium 
hydroxide, ruthenium-amine complex (e.g. 5 
[Ru(NH 3 ) 6 ] 2+ , [Ru(NH 3 ) 6 ] 3+ . [Ru(NH 3 ) 5 H 2 0] 2+ , etc.), 
chloride of ruthenium-amine complex (e.g. 
[Ru(NH 3 ) 5 CI] 2+ , [Ru(NH 3 ) 6 lCI 2 . [Ru(NH 3 ) 6 ]CI 3 . etc.). 
ruthenium bromide (e.g. RuBr 3 , RuBr 3 hydrate, etc.), 
other ruthenium-organic amine complex, ruthenium- 10 
acetyl acetonate complex, ruthenium-carbonyl complex 
(e.g. Ru(CO) 5 . Ru^CO)^, ete.). salt of ruthenium 
organic acid (e.g. Ru 2 (RCOO) 4 CI (R * alky! group), 
etc.), ruthenium-nitrosyt complex, ruthenium-phosphine 
complex, etc. on carriers such as alumina, silica, silica 15 
alumina, zeolite, diatomaceous earth, oxide and mixed 
oxide of elements (e.g. titanium oxide, zirconium oxide, 
vanadium oxide, etc.), meted sulfate, etc. Two or more 
sorts of these carriers may be used in combination. As 
the ruthenium compound, ruthenium chloride, ruthe- 20 
nium chloride-amine complex and ruthenium-carbonyl 
complex are preferred. As the carrier, titanium oxide, zir- 
conium oxide, alumina, silica, titanium mixed oxide, zir- 
conium mixed oxide and aluminum mixed oxide are 
preferably used. Among them, titanium oxide, alumina, 25 
zirconium oxide and silica are particularly preferred. 

Additional examples of the catalyst include catalyst 
obtained by calcining the above catalyst, followed by 
combining with the carrier, catalyst subjected to a 
reducing treatment and catalyst subjected to an oxidiz- 30 
ing treatment 

The content of the ruthenium compound is usually 
from 0.1 to 20% by weight based on the carrier, prefer- 
ably from 1 to 10% by weight based on the carrier. A 
third component other than the ruthenium compound 35 
can also be added, and examples of the third compo- 
nent include palladium compound, copper compound, 
chromium compound, vanadium compound, alkali 
metal compound, rare earth compound, manganese 
compound, alkaline earth compound, etc. The amount 40 
of the third component added is usually from 0.1 to 1 0 % 
by weight based on the carrier. Examples of the sup- 
porting process include impregnation process, precipi- 
tation supporting process, coprecipitation process, 
mixing process, etc. Among them, the impregnation 45 
process is preferred. 

As the impregnation process, for example, there is 
a process comprising suspending a carrier in a solution, 
which is prepared by dissolving a ruthenium compound 
in a solvent, evaporating the solvent, followed by drying so 
and further calcining. Examples of the solvent include 
water, methanol, organic solvent, etc. 

The supported catalyst is usually calcined at 100 to 
500°C for about 30 minutes to 5 hours. 

The catalyst according to the method for preparing 55 
the ruthenium mixed oxide is obtained by chemically- 
mixing or complexing at least one oxide selected from 
oxides such as titanium oxide, zirconium oxide, alumina, 
silica, vanadium oxide, boron oxide, chromium oxide, 



niobium oxide, hafnium oxide, tantalum oxide, tungsten 
oxide, etc. with ruthenium oxide. The compound for 
chemicaliy-mixing with ruthenium oxide is not limited to 
the above compounds, and various mixed oxides such 
as copper chromite, etc. are also used. As the process 
for chemically-mixing ruthenium, for example, there is a 
process comprising adding a hydrolyzate of the ruthe- 
nium compound (e.g. ruthenium chloride, etc.) to a 
hydrolyzate of chloride, oxychloride, nitrate, oxynitrate. 
alkaline salt of oxy-acid, sulfate, alkoxide, etc. of tita- 
nium eta, filtering and washing the mixture, followed by 
calcining in air. Examples of the ruthenium compound 
include compounds described as examples of the cata- 
lyst obtained by supporting the ruthenium compound 
(e.g. ruthenium chloride, etc.) with the carrier. RuCI 3 
and RuCi 3 hydrate are preferred. Preferred examples of 
the oxide for chemically-mixing with ruthenium oxide 
include titanium oxide, zirconium oxide, alumina, silica, 
titanium mixed oxide, zirconium mixed oxide, aluminum 
mixed oxide and silicon mixed oxide. As the process for 
supporting the ruthenium mixed oxide with the carrier, 
for example, there is a process comprising impregnating 
the carrier with chloride, nitrate, etc. of titanium and the 
ruthenium compound such as ruthenium chloride, fol- 
lowed by calcining in air. Examples of the carrier include 
titanium oxide, alumina, silica, zirconium oxide or a 
mixed oxide thereof. The amount of the ruthenium oxide 
contained in the ruthenium mixed oxide is usually from 
0.1 to 80 % by weight, preferably from 1 to 70 % by 
weight. A third component can also be added, and 
examples of the third component include palladium 
compound, copper compound, chromium compound, 
vanadium compound, alkali metal compound, rare earth 
compound, manganese compound, alkaline earth com- 
pound, etc. The amount of the third component added is 
usually from 0.1 to 10 % by weight based on the weight 
of the ruthenium mixed oxide. 

Examples of the process for preparing the ruthe- 
nium mixed oxide include coprecipitation process, proc- 
ess due to mixing of precipitate, impregnation process, 
etc. The ruthenium mixed oxide is usually prepared by 
calcining at 200 to 1000°C for about 1 to 5 hours. It is 
preferably calcined at 300°C to 500°C. 

Examples of the process for supporting the ruthe- 
nium mixed oxide on the carrier include impregnation 
process, precipitation supporting process, etc. The sup- 
ported catalyst is usually calcined at 200°C to 1000°C 
for about 1 to 5 hours. It is preferably calcined at 300°C 
to 500°C. Examples of the calcining atmosphere include 
nitrogen, air, etc.. 

Examples of the catalyst other than the above cata- 
lysts include ruthenium black prepared by a known 
process (see "Shokubat Chousei Kagaku", 1980, page 
233, published by Kodan-sha) and a supported catalyst 
containing ruthenium in an amount of more than 20% by 
weight based on the carrier. 

According to the present invention, chlorine is pro- 
duced by oxidation of hydrogen chloride with oxygen 
using a ruthenium catalyst. The reaction system in the 
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production of chlorine is not specifically l.m.ted. but a 
Sow system is preferred and a fixed bed gas phase flow 
sySem is more preferred. When the reaction tempera- 
K?Ngh. the ruthenium oxide in the high ajrtttn 
state is sometimes volatilized and. therefore, the reac- a 
tion is preferably conducted at lower temperature, more 
preferably from 100°C to S00°C. most preferably from 
200°C to 380°C. Also, the reaction pressure is not spe- 
cifically limited, but is preferably from about atmosphenc 
Pressure to 50 atrn. As the oxygen raw material. air may ,o 
be used as it is or air enriched in oxygen or pure oxygen 
may be used. Since other components are discharged 
simultaneously when an inherent nitrogen gas is d.s- 
charged from the apparatus, pure oxygen containing no 
inherent gas is preferred. A theoretical motor amount of ,s 
0.25 mol of oxygen per mol of hydrogen chlor.de is 
required for oxidation to chlorine, but oxygen is prefera- 
bly supplied in a 0.1 -fold to 10-fold amount, more prefer- 
ably in a 0.2-fold to 5-fold amount, compared with the 
theoretical amount. 2 

When the flow rate of the raw material, hydrogen 
chloride, to the catalyst is represented by gas hourly 
space velocity (GHSV) under atmospheric pressure ^n 
Se case of the fixed bed gas phase flow system. GHSV 
is oreferably from about 10 h" 1 to 20000 h' 1 . more pref- 25 
erSSaboutSO h"< to 1000 K\ TheGHSV rj equal 
to the supplying rate of hydrogen chlor.de divided by the 

(packed) volume of solid catalyst. 
{P itbecomespossibletoprcducechlorineatlowfem- 

perature. which is advantageous in view of eqwtibr urn » 
Cy using the ruthenium catalyst having high activity It 
also become possible to inhibit loss of an active > compo- 
nent in the reaction due to volatilization of ruthenuju 
which has hitherto been considered to be a problem ,n 
the supported ruthenium catalyst, ruthenium oxide cat- ss 
alyst catalyst obtained by supporting the ruttienium 
compound on the carrier, catalyst obtained by the proc- 
ess for preparing the ruthenium mixed ox.de. and ruthe- 

"'"^eToUowing Examples and Comparative Exam- « 
pies further illustrate the present invention in detail. 

Example 1 



A catalyst was prepared by the following process. « 
That is. water (8.6 g) was charged in an ice-cooled mask 
and commercially available titanium tetrachloride (7* g) 
was added dropwise With stirring to prepare an aqueous 
titanium tetrachloride solution. Then, a solution pre- 
parS by dissolving commercially available z^con,um 5 o 
oxychloride octahydrate (13.1 g) in water (43.3 g was 
added dropwise to the aqueous titanium tetrachlor.de 
solution with stirring to prepare a homogeneous . solu- 
tion. A solution prepared by adding 36 5S 
acid (1 1 q) to a solution of ammonium sulfate (13.4 g) ss 
and water 26.8 g) was poured into the above homoge- 
neous solution, followed by stirring to prepare an homo- 
aeneous solution. Then, the homogeneous solution was 
Sated to 70-C and an aqueous 25 wt% ammonia solu- 



tion (30.3 g) was slowly added dropwise with stirring. As 
the solution was added dropwise. a white precipitate 
was formed. After adding dropwise, the mixture was 
stirred at the same temperature for one hour. After fr- 
SSt? precipitate was f iitered, washed with d.st»ed 
X (300 ml) and then filtered again. After this opera- 
tion was repeated three times, the resultant was sus- 
pended in water (150 ml). Then, solution prepared by 
dissolving commercially available ruthenium chlor.de 
hy^ate (RuC. 3 nH 2 Q) (9.74 g) in water (60 g) and a 
solution prepared by dissolving sodium 
a content: 96 %) in water (20 g) were mixed and stirred 
after stirring, the mixed solution was immediate ly added 
dropwise to the suspension with stimng Water (40 ml) 
was further added. After adding, a solution prepared by 
Sng 61 wt % nitric acid (2.2 g) with water (30 g) was 
added dropwise. followed by stirring at room tempera- 
S for one hour. After stirring, the black precipitate was 
SereS The precipitate was washed with distilled water 
(300 ml) and thenfiltered again. After this 
reoeated three times, the resultant was dried at 60»C for 
JEST* obtain 16.3 g of a black solid. This sold was 
around heated in air from room temperature to 350°C 
over 3 5 hours and then calcined at the same tempera- 
^ for 3 hours to obtain 13.5 g of a blac* catalyst. 
According to the same manner asthatdescnbed above. 
£Tfl ol the same catalyst was obtained. The calcu- 
lated value of the content of the ruthenium ox.de was 36 
% by weight. The resulting powder was granulated to 
obt ain a ruthenium oxide-titanium oxide-zirconium ox.de 
catalyst of 12 to 18.5 mesh. 

The ruthenium oxide-titanium oxide-zirconium 
oxide catalyst (46.8 g) thus obtained was charged .n a 
quartz glass reaction tube (inner diameter: 22 mm). A 
^rTge 9 n chloride gas (19.0 ml/min.) and an oxygen 
gas (9.3 ml/min.) were respectively supphed under 
Snospheric pressure (converted on the basis of 0 C I 
S) ■ ^ quartz glass reaction tube was heated with an 
electric furnace to adjust the inner temperature (hot 
spot) to 265-C. Six hours after the beginning of the 
reaction the gas at the reaction outlet was samp ed by 
P S it through an aqueous 30 % potassium ^.de 
Son. and then the amount of 
amount of the non-reacted hydrogen chlor.de we e 
respectively determined by iodometric titration and neu- 
SSion Nation process. As a result, the conversion 
of hydrogen chloride was 95.9%. 



Example 2 

The ruthenium oxide-titanium oxide-zirconium 
oxide catalyst which is the same as that used inExarn- 
pie 1 (2.5 g) was diluted by mixing sufficiently with atrta- 
n urn oxide catalyst of 12 to 18.5 mesh (5 g). foHowed by 
charging inaquartz glass reaction tube (inner diameter 
12mm). A hydrogen chloride gas (200 ml/m.n.) and an 
oxygen gas (200 ml/min.) were respectively supphed 
under atmospheric pressure (converted on the bas.s <rf 
0»C 1 atm). The quartz glass reaction tube was heated 
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with an electric furnace to adjust the inner temperature 
(hot spot) to 301 °C. 2.9 Hours after the beginning of the 
reaction, the gas at the reaction outlet was sampled by 
passing it through an aqueous 30 % potassium iodide 
solution, and then the amount of chlorine formed and s 
amount of the non-reacted hydrogen chloride were 
respectively determined by iodometric titration and neu- 
tralization titration processs. The catalyst activity of 
chlorine formation per unit weight of the catalyst deter- 
mined by the following equation was 7.35 x 1 0 - mol/min w 
g catalyst. The catalyst activity of chlorine formation per 
unit weight of catalyst (mol/min g catalyst) = amount of 
outlet chlorine formed (mol/min)/weight of catalyst (g) 



Example 3 



15 



A catalyst was prepared by the following process. 
That is. water (27.0 g) was charged in an ice-cooled 
flask and commercially available titanium tetrachlonde 
(1 4.3 g) was added dropwise with stirring to prepare an so 
aqueous titanium tetrachloride solution. Water (1222 g) 
was added to the solution at room temperature, and 
then a solution of urea (27.6 g) and water (100 g) was 
poured into the solution, followed by stirring to prepare 
an homogeneous solution. Then, the homogeneous 25 
solution was stirred with heating to 100»C for 2 hours. A 
white precipitate was formed gradually. Then, a solution 
of urea (3.2 g) and water (26 g) was added at the same 
temperature and. after stirring sufficiently, the precipi- 
tate was filtered. The precipitate was washed with dis- so 
tilled water (300 ml) and then filtered again. After this 
operation was repeated three times, the resultant was 
suspended in water (150 ml). Then, a solution prepared 
by dissolving commercially available ruthenium chloride 
hydrate (RuCI 3 nH 2 0) (7.12 g) in water (54 g) and a 35 
solution prepared by dissolving sodium hydroxide (3.8 
g content: 96 %) in water (20 g) were mixed and stirred, 
after stirring, the mixed solution was immediately added 
dropwise to the suspension with stirring. After adding 
dropwise, a solution prepared by diluting 61 wt % nitric *o 
acid (1 .57 g) with water (24 g) was added dropwise. fol- 
lowed by stirring at room temperature for one hour. After 
stirring, the black precipitate was filtered. The precipi- 
tate was washed with distilled water (300 ml) and then 
filtered again. After this operation was repeated three « 
times, the resultant was. dried at 60«>C for 4 hours to 
obtain 9.3 g of a black solid. This solid was ground, 
heated in air from room temperature to 350°C over 3.5 
hours and then calcined at the same temperature for 3 
hours to obtain 8. 1 g of a black catalyst. The calculated so 
value of the content of the ruthenium oxide was 36 % by 
weight. The resulting powder was granulated to obtain a 
ruthenium oxide-titanium oxide catalyst of 12 to 18.5 
mesh. 

According to the same reaction manner as that 55 
described in Example 2 except for charging the 
obtained ruthenium oxide-titanium oxide catalyst (1 .9 g) 
in a quartz glass reaction tube and adjusting the inner 
temperature to 300°C, the reaction was carried out. The 



catalyst activity of chlorine formation per unit weight of 
the catalyst at the time at which 1 .9 hours had passed 
since the beginning of the reaction was 9.05 x 10" 
mol/min g catalyst. 

Example 4 

A catalyst was prepared by the following process. 
That is. an aqueous 20 wt % (as TiOS0 4 ) titanium sul- 
fate solution (54. 7 g. manufactured by Wako Junyaku 
Kbgyo Co., Ltd.) was diluted with water (110.3 g). The 
resulting solution was charged in an ice-cooled flask, 
and an aqueous 25 wt % ammonia solution (48.2 g) was 
added dropwise with stirring. As a result, a white precip- 
itate was formed gradually. After stirring at room tem- 
perature for 30 minutes, the precipitate was filtered. The 
precipitate was washed with distilled water (300 ml) and 
then filtered again. After this operation was repeated 
three times, the resultant was suspended in water (150 
ml). Then, a solution prepared by dissolving commer- 
cially available ruthenium chloride hydrate (RuCI 3 
nH a O) (9.86 g) in water (61 g) and a solution prepared 
by dissolving sodium hydroxide (5.2 g. content: 96 %) in 
water (20 g) were mixed and stirred, after stirring, the 
mixed solution was immediately added dropwise to the 
suspension with stirring. After adding dropwise. a solu- 
tion prepared by diluting 61 wt % nitric acid (2.1 5 g) with 
water (30 g) was added dropwise, followed by stirring at 
room temperature for one hour. After stirring, the black 
precipitate was filtered, washed with distilled water (300 
ml) and then filtered again. After this operation was 
repeated three times, the resultant was dried at 60°C for 
4 hours to obtain 12.0 g of a black-solid. This solid was 
ground, heated in air from room temperature to 350°C 
over 3.5 hours and then calcined at the same tempera- 
ture for 3 hours to obtain 9.9 g of a black catalyst. The 
calculated value of the content of the ruthenium oxide 
was 46 % by weight. The resulting powder was granu- 
lated to obtain a ruthenium oxide-titanium oxide catalyst 

of 12 to 18.5 mesh. 

According to the same manner as that described in 
Example 2 except for charging the obtained ruthenium 
oxide-titanium oxide catalyst (2.5 g) in a reaction tube 
and adjusting the inner temperature to 299°C, the reac- 
tion was conducted. The catalyst activity of chlorine for- 
mation per unit weight of the catalyst at the time at 
which 2.6 hours had passed since the beginning of the 
reaction was 7.35 x 10' 4 mol/min g catalyst. 



Example 5 

A catalyst was prepared by the following method. 
That is. commercially avilable titanium tetrabutoxide 
(15.4 g) was disolved in ethanol (52 ml). Then, a solu- 
tion prepared by dissolving commercially avilable ruthe- 
nium chloride hydrate (RuCI 3 .nH 2 0) (10.1 g) in water 
(122 ml) and a solution prepared by dissolving sodium 
hydroxide (14.8 g. content 96%) in water (60 ml) were 
mixed and stirred, after stirring, the mixed solution was 
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immediately added dropwise to the ethanol solution of 
titanium tetrabutoxide with stirring. As the solution was 
added dropwise. a precipitate was formed. After adding, 
the black suspension was stirred at room temperature 
sufficiently. Then, a solution prepared by diluting 61 wt% 
nitric acid (25.7 g) with water (62 g) was added drop- 
wise followed by stirring at room temperature for one 
hour! After stirring, the black precipitate was filtered. 
Then, the black precipitate was washed with distilled 
water (300 ml) and then filtered again. After this opera- 
tion was repeated three times, the resultant was dried at 
60 °C for 4 hours to obtain 10.5 g of a black solid. This 
solid was ground, heated in the air from room tempera- 
ture to 350 °C over 3.5 hours and then calcined at the 
same temperature for 3 hours to obtain 8.4 g of a black 
catalyst The calculated value of the content of the 
ruthenium oxide was 57 % by weight. The resulting 
powder was granulated to obtain a ruthenium oxide-tita- 
nium oxide catalyst of 12 to 18.5 mesh. 

According to the same reaction manner as that 
described in Example 2 except for charging the 
obtained ruthenium oxide-titanium oxide catalyst (2.5 g) 
in a quartz glass reaction tube and adjusting the inner 
temperature to 300 °C. the reaction was earned out 
The catalyst activity of chlorine formation per unit weight 
of the catalyst at the time at which 1 .9 hours had passed 
since the beginning of the reaction was 7.7 X 10 
mol/min. g-catalyst. 

Example 6 

Commercially available ruthenium oxide hydrate 
(Ru0 2 . manufactured by Aldrich Chemical Co.) was 
granulated to obtain a ruthenium oxide catalyst of 12 to 

18.5 mesh. . 

According to the same manner as that described in 
Example 2 except for charging the obtained ruthenium 
oxide catalyst (2.5 g) in a reaction tube and adjusting 
the inner temperature to 300 °C, the reaction was car- 
ried out. The catalyst activity of chlorine formation per 
unit weight of the catalyst at the time at which 1 .5 hours 
had passed since the beginning of the reaction was 
5.35 X 10" 4 mol/min. g-catalyst. 

Example 7 

A 2 wt % spherical ruthenium-titanium oxide cata- 
lyst having a particle size of 3mm diameter (manufac- 
tured by N.E. Chemcat Co.) was ground to adjust the 
particle size to 12 to 18.5 mesh. According to the same 
manner as that described in Example 2 except for 
charging this ruthenium-titanium oxide catalyst (2.5 g) in 
a reaction tube without diluting with a titanium oxide car- 
rier, supplying a hydrogen chloride gas (190 ml/mm.) 
and adjusting the inner temperature to 300°C. the reac- 
tion was conducted. The catalyst activity of chlorine for- 
mation per unit weight of the catalyst at the time at 
which 1.5 hours had passed since the beginning of the 
reaction was 1.38 x 10 4 mol/min g catalyst. 



Example 8 

The 2 wt% ruthenium-titanium oxide catalyst which 
is the same as that used in Example 7 was ground to 
5 adjust the particle size to 12 to 18.5 mesh. According to 
the same manner as that described in Example 2 
except for charging the catalyst (2.5 g) in a reaction tube 
without diluting with a titanium oxide carrier, supplying a 
hydrogen chloride gas (196 ml/min.) and an oxygen gas 
w (170 ml/min.) and adjusting the inner temperature to 
380°C. the reaction was conducted. The catalyst activity 
of chlorine formation per unit weight of the catalyst at 
the time at which 2 hours had passed since the begin- 
ning of the reaction was 1 1 .4 x 10" 4 mol/min g catalyst. 

15 

Example 9 

A 2 wt % ruthenium-zirconium oxide catalyst (1/8 
inch pellet, manufactured by N.E. Chemcat Co.) was 
20 ground to adjust the particle size to 12 to 18.5 mesh. 
According to the same manner as that described in 
Example 2 except for charging this ruthenium-zirconium 
oxide catalyst (2.5 g) in a reaction tube without diluting 
with a titanium oxide carrier, supplying a hydrogen chlo- 
25 ride gas (1 96 ml/min.) and an oxygen gas (1 70 ml/min.) 
and adjusting the inner temperature to 380<>C. the reac- 
tion was conducted. The catalyst activity of chlorine for- 
mation per unit weight of the catalyst at the time at 
which 3 hours had passed since the beginning of the 
30 reaction was 7.9 x 10" 4 mol/min g catalyst. The residual 
hydrogen chloride flow was 4.7 x 10" 3 mol/min. 

Example 10 

35 A 5 wt % ruthenium-alumina powder catalyst (man- 
ufactured by N.E. Chemcat Co.) was granulated to 
obtain a catalyst of 12 to 18.5 mesh. According to the 
same manner as that described in Example 2 except for 
charging this granulated ruthenium-aluminum catalyst 
40 (2 5 g) in a reaction tube without diluting with a titanium 
oxide carrier, supplying a hydrogen chloride gas (193 
ml/min.) and adjusting the inner temperature to 380°C. 
the reaction was conducted. The catalyst activity of 
chlorine formation per unit weight of the catalyst at the 
45 time at which 1 0 hours had passed since the beginning 
of the reaction was 6.7 x 10 4 mol/min g catalyst. 



Example 1 1 

so A catalyst was prepared by the following process. 
That is. silica AEROSIL 300 (18.70 g. manufactured by 
Nihon Aerosil Co.. Ltd.) was suspended in an aqueous 
solution of commercially available ruthenium chloride 
hydrate (RuCI 3 nH 2 0. 1.02 g) and water (80 g). and 

ss then the mixture was evaporated to dryness at 55 to 
60°C using a rotary evaporator and heated in a nitrogen 
flow at 150°C for one hour to obtain 18.1 g of a green- 
black ruthenium chloride catalyst. The ratio of RuCl 3 to 
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the carrier was 5 % by weight. This catalyst was granu- 
lated to obtain a catalyst of 12 to 18.5 mesh. 

According to the same manner as that described in 
Example 2 except for charging the resulting ruthenium 
chloride catalyst (5 g) in a reaction tube without diluting 
with a titanium oxide carrier, supplying a hydrogen chlo- 
ride gas (194 ml/min.) and adjusting the inner tempera- 
ture to 380°C, the reaction was conducted. The catalyst 
activity of chlorine formation per unit weight of the cata- 
lyst at the time at which 5 hours had passed since the 
beginning of the reaction was 5.9 x 10" 4 mol/min g cata- 
lyst. 

Comparative Example 1 

A catalyst was prepared by the following process. 
That is, chromium nitrate enneahydrate (60.3 g) was 
dissolved in water (600 ml) and the solution was heated 
to 45°C. Then, 25 wt % ammonia water (64.9 g) was 
added dropwise over 1 .5 hours with stirring, followed by 
stirring at the same temperature for additional 30 min- 
utes. Water (3.3 liter) was added to the formed precipi- 
tate and, after standing overnight to cause 
sedimentation, the supernatant was removed by decan- 
tation. Then, water (2.7 liter) was added, followed by 
stirring sufficiently for 30 minutes. After the precipitate 
was washed by repeating this operation five times, the 
supernatant was removed by decantation. Then, 20 wt 
% silica sol (49 g) was added and. after stirring, the mix- 
ture was evaporated to dryness at 60°C using a rotary 
evaporator. The resultant was dried at 60°C for 8 hours 
and then dried at 120°C for 6 hours to obtain a green 
solid. This solid was dried in a nitrogen flow at 1 20°C for 
6 hours and then cooled to room temperature to obtain 
a green solid. Then, this solid was calcined at 600 °C for 
3 hours in the air and granulated to obtain a Cr 2 0 3 -Si0 2 
catalyst of 12 to 18.5 mesh. 

According to the same manner as that described in 
Example 2 except for charging the resulting Cr 2 0 3 -Si0 2 
catalyst (2.5 g) in a reaction tube without diluting with a 
titanium oxide carrier, supplying a hydrogen chloride 
gas (192 ml/min.) and adjusting the inner temperature 
to 301 °C, the reaction was conducted. The catalyst 
activity of chlorine formation per unit weight of the cata- 
lyst at the time at which 3.7 hours had passed since the 
beginning of the reaction was 0.19 x 10* 4 mol/min g cat- 
alyst. 

Comparative Example 2 

According to the same manner as that described in 
Example 2 except for charging the Cr 2 0 3 -Si0 2 catalyst 
(2.5 g) used in Comparative Example 1 in a reaction 
tube without diluting with a titanium oxide carrier, sup- 
plying a hydrogen chloride gas (192 mf/min.) and 
adjusting the inner temperature to 380°C, the reaction 
was conducted. The catalyst activity of chlorine forma- 
tion per unit weight of the catalyst at the time at which 



5.8 hours had passed since the beginning of the reac- 
tion was 2.1 x 10 -4 mol/min g catalyst. 

Comparative Example 3 

5 

According to the same manner as that described in 
Example 2 except for charging the Cr 2 0 3 -Si0 2 catalyst 
(5 g) used in Comparative Example 1 in a reaction tube 
without diluting with a titanium oxide carrier, supplying a 
w hydrogen chloride gas (96.5 ml/min.) and adjusting the 
inner temperature to 380°C, the reaction was con- 
ducted. The catalyst activity of chlorine formation per 
unit weight of the catalyst at the time at which 5 hours 
had passed since the beginning of the reaction was 2.7 
is x 1 0' 4 mol/min g catalyst. 

Claims 



20 



25 



30 



1. A process for producing chlorine by oxidation of 
hydrogen chloride with oxygen which process com- 
prises using a ruthenium catalyst. 

2. A process according to claim 1 , wherein the ruthe- 
nium catalyst is a supported metal ruthenium cata- 
lyst which is obtainable by supporting ruthenium on 
a carrier. 

3. A process according to claim 1 , wherein the ruthe- 
nium catalyst is a ruthenium oxide catalyst. 

4. A process according to claim 1 , wherein the ruthe- 
nium catalyst is a catalyst obtainable by supporting 
a ruthenium compound on a carrier. 

35 5. A process according to claim 1 , wherein the ruthe- 
nium catalyst is a catalyst obtainable by a process 
for preparing a ruthenium mixed oxide. 

6. A process according to claim 2, wherein the carrier 
40 is at least one carrier selected from titanium oxide, 
alumina, zirconium oxide, zeolite, silica, titanium 
mixed oxide, zirconium mixed oxide and aluminum 
mixed oxide. 

45 7. A process according to claim 2 or 6, wherein the 
content of ruthenium to the carrier is from 0.1 to 
20% by weight 

8. A process according to daim 3, wherein the ruthe- 
so nium oxide catalyst is a ruthenium oxide and/or 

ruthenium hydroxide. 

9. A process according to claim 3 or 8, wherein the 
ruthenium oxide catalyst is a supported ruthenium 

55 oxide catalyst. 

10. A process according to claim 9, wherein the carrier 
is at least one carrier selected from titanium oxide, 
alumina, zirconium oxide, silica, titanium mixed 
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oxide, zirconium mixed oxide, aluminum mixed 
oxide and silicon mixed oxide. 

11. A process according to claim 9 or 10, wherein the 
ratio of ruthenium oxide to the carrier is from s 
0.1/99.9 to 70/30 by weight 

12. A process according to claim 4, wherein the ruthe- 
nium compound is at least one compound selected 
from ruthenium chloride, ruthenium chloride-amine 10 
complex and ruthenium-carbonyl complex. 

13. A process according to claim 4 or 12, wherein the 
carrier is at least one carrier selected from the 
group consisting of titanium oxide, alumina, zirco- 15 
nium oxide, silica, titanium mixed oxide, zirconium 
mixed oxide and aluminum mixed oxide. 

14. A process according to any one of claims 4, 12 or 

1 3, wherein the ratio of the ruthenium compound to 20 
the carrier is from 0.1 to 20% by weight. 

15. A process according to claim 5, wherein the cata- 
lyst obtainable by a process for preparing a ruthe- 
nium mixed oxide comprises at least one oxide 2s 
selected from titanium oxide, zirconium oxide, alu- 
mina, silica, titanium mixed oxide, zirconium mixed 
oxide, aluminum mixed oxide and silicon mixed 
oxide, in addition to ruthenium oxide. 

30 

16. A process according to claim 5 or 15, wherein the 
catalyst obtainable by a process for preparing a 
ruthenium mixed oxide comprises ruthenium oxide 
in an amount of 1 to 70% by weight. 

35 

17. Use of a ruthenium catalyst in the oxidation of 
hydrogen chloride with oxygen to produce chlorine. 
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